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and	 the	 electrical	 efficiency	decreased	 from	13.3%	 to	10.3%.	 In	 the	 extreme	case,	 the	PV/T	 systems	 lack	 advantage	over	 side-by-side	PV	and	 solar	 collector	 systems.	On	 the	other	hand,	PV	modules	 are	usually	 laminated	on	 an
aluminum	plate	to	ensure	good	thermal	conductivity,	and	the	coefficient	of	the	thermal	expansion	of	aluminum	at	20 °C	is	about	23 × 10−6/°C,	which	is	significantly	higher	than	the	value	of	c-Si	cells	(about	2.6 × 10−6/°C)	[16].	Large
temperature	difference	between	 the	working	 fluid	and	 the	PV	module	 in	PV/T	collector	may	cause	 rapid	and	 inhomogeneous	 thermal	 contraction	and	 large	 thermal	 stresses	 [17,18].	High	 levels	of	 thermal	 stress	may	 lead	 to	 the























































Instruments Types Uncertainty Location
Platinum	resistance Pt	100 ±0.1 °C Inlet	and	outlet	of	collector
Thermocouple Type	T ±0.5 °C Ambient;	absorber	plate
Flowmeter LWGY ±5% Outlet	of	the	thermostatic	water	tank
Current	sensor HKK-13-I ±0.1% PV	module	output	circuit





























































































































Number Date (°C) (kg/s) H	(MJ/m2) Qth	(kWh) ƞth,a	(%) Qpv	(kWh) ƞpv,a	(%)
1 12.25 10.2 0.036 12.80 1.09 16.47 0.26 5.69
2 12.26 12.5 0.036 11.37 0.90 15.38 0.22 5.62
3 1.09 5.3 0.036 15.17 1.31 16.74 0.30 5.65
4 1.10 4.1 0.044 14.49 1.27 17.08 0.29 5.64
5 1.11 3.9 0.028 13.92 1.05 14.69 0.27 5.57
6 1.12 2.6 0.036 14.48 1.12 15.08 0.28 5.52
7 3.09 11.9 0.028 15.41 1.60 20.15 0.30 5.47
8 3.10 16.7 0.026 16.60 1.85 21.63 0.32 5.41
9 3.11 19.3 0.028 16.56 1.97 23.12 0.32 5.44
10 3.12 22.0 0.026 16.17 2.16 25.93 0.31 5.46
11 3.13 23.6 0.042 15.79 2.50 30.77 0.31 5.50
12 3.23 19.7 0.042 16.23 2.54 30.36 0.31 5.40
13 3.26 22.6 0.043 14.27 2.29 31.16 0.28 5.52
14 3.27 22.88 0.031 15.08 2.21 28.45 0.30 5.54
15 3.31 26.0 0.031 14.67 2.25 29.85 0.29 5.62
16 4.02 28.5 0.031 14.09 2.14 29.54 0.28 5.63
17 4.09 24.2 0.039 16.91 2.63 30.25 0.33 5.45
18 4.17 21.9 0.031 16.14 2.43 29.26 0.31 5.44
19 4.18 25.2 0.033 16.56 2.59 30.40 0.32 5.45
20 5.09 25.0 0.031 16.36 2.39 28.42 0.32 5.46
21 5.10 23.0 0.028 13.31 1.43 20.89 0.26 5.44
22 6.06 26.3 0.026 16.35 2.19 26.01 0.31 5.41
23 6.07 34.1 0.028 13.76 2.00 28.20 0.27 5.55
24 6.11 35.0 0.026 14.91 2.24 29.15 0.29 5.46
25 6.12 36.9 0.023 15.19 2.12 27.13 0.29 5.47
26 6.13 35.0 0.023 14.94 2.09 27.17 0.29 5.48
27 6.15 35.8 0.023 13.77 1.82 25.69 0.27 5.53
28 10.29 24.9 0.031 15.41 1.98 25.02 0.29 5.40
29 10.30 23.2 0.031 12.34 1.41 22.19 0.24 5.39
30 10.31 21.7 0.031 13.20 1.46 21.53 0.25 5.39
31 11.01 20.1 0.028 14.46 1.43 19.22 0.28 5.43
32 11.02 19.2 0.034 14.64 1.38 18.34 0.28 5.48
33 11.22 15.2 0.029 13.39 1.15 16.67 0.25 5.27
		 	 		 	
34 11.23 14.8 0.026 13.72 0.99 14.04 0.26 5.31
35 11.24 18.0 0.028 12.17 1.04 16.58 0.23 5.29
36 11.25 17.7 0.026 11.13 0.78 13.61 0.21 5.21
37 11.26 17.17 0.029 12.27 1.07 16.94 0.23 5.20
38 11.27 21.0 0.029 12.64 1.18 18.09 0.24 5.30
39 11.28 18.8 0.029 11.79 0.96 15.77 0.22 5.33
40 11.29 19.4 0.029 9.53 0.59 11.96 0.18 5.22





shown	 in	Fig.	13,	 the	ambient	 temperature	 ranged	 from	7.8 °C	 to	14.6 °C,	with	 the	daily	 average	ambient	 temperature	of	11.6 °C.	The	 total	 solar	 radiation	 received	by	 the	 collector	 could	 reach	16.46 MJ/m2.	Fig.	14	 shows	 the	 thermal	 and	 electrical
























































ƞth ƞpv Tb Tout
40 5.83 2.78 1.10 0.34
60 3.27 2.20 0.15 0.08
70 2.54 1.10 0.31 0.11























Tin	(°C) (°C) H	(MJ/m2) Qth	(kWh) ƞth,a	(%) Qpv	(kWh) ƞpv,a	(%)
60 33.3 15.37 2.55 32.29% 0.29 5.28
70 1.97 24.87% 0.28 5.08












Temperature	(°C) H	(MJ/m2) Qw	(kWh) Epv	(kWh)
Heating	season 40 969.79 112.62 20.17
Non-heating	season 60 1802.98 180.75 34.45
70 124.96 33.14
80 49.53 31.83
Since	the	above	studies	are	based	on	the	conventional	flat	collector,	the	thermal	efficiency	is	not	high	enough	at	medium	operating	temperature.	Fortunately,	based	on	the	experimental	and	simulation	studies,	the	feasibility	of	the	a-Si	PV/T	system
for	medium	temperature	application	can	be	demonstrated.	On	this	foundation,	we	can	apply	a-Si	cells	in	vacuum	PV/T	system	and	compound	parabolic	concentrator	PV/T	system	to	meet	the	demand	for	higher	thermal	efficiency	[55,56].
6	Conclusion
In	this	study,	a	novel	a-Si	PV/T	system	has	been	designed	and	constructed	to	investigate	the	performance	at	medium	temperature.	A	distributed	parameter	model	is	established	and	validated	by	outdoor	experiments.	The	results
are	summarized	as	follows.
(1) Experiments	on	the	long-term	behavior	of	the	a-Si	PV/T	system	at	medium	operating	temperature	(60 °C)	were	carried	out	from	December	2017	to	November	2018.	At	the	initial,	intermediate	and	final	phases	of	the	long-term	tests,	the	average
thermal	efficiencies	were	16.75%,	26.01%	and	18.09%;	the	average	electrical	efficiencies	were	5.65%,	5.41%,	and	5.30%,	respectively.	After	the	long-term	operation	at	medium	temperature,	no	interruption	or	observable	deformation	has	taken
place	in	the	a-Si	PV/T	system.
(2) The	outdoor	experiments	were	also	conducted	at	the	operating	temperature	of	70 °C	and	80 °C	with	the	thermal	efficiency	of	22.02%	and	13.87%.	The	electrical	efficiencies	at	the	operating	temperature	of	70 °C	and	80 °C	were	5.10%	and
4.81%.
(3) The	simulation	results	of	the	a-Si	PV/T	system	at	the	operating	temperature	of	40 °C,	60 °C,	70 °C	and	80 °C	are	compared	with	experimental	data.	The	MREs	of	the	thermal	efficiency	and	electrical	efficiency	are	below	5.83%	and	2.78%,	which
can	prove	the	effectiveness	of	the	mathematical	model	in	predicting	the	performance	of	the	a-Si	PV/T	system.
(4) In	non-heating	season,	a	typical	day	is	selected	to	investigate	the	performance	of	the	a-Si	PV/T	system	at	different	medium	operating	temperatures.	The	thermal	efficiencies	at	the	operating	temperatures	of	60 °C,	70 °C	and	80 °C	are	32.29%,
24.87%	and	17.19%;	the	electrical	efficiency	are	5.28%,	5.08%	and	4.88%,	respectively.
(5) The	annual	performance	of	the	a-Si	PV/T	system	is	analyzed	covering	the	non-heating	season	(April	to	October)	and	heating	season	(November	to	March).	In	heating	season,	the	operating	temperature	is	40 °C,	and	the	thermal	gain	and	the
electrical	power	are	112.62	kWh	and	20.17	kWh.	In	non-heating	season,	the	thermal	gain	and	the	electrical	power	are	180.75	kWh	and	34.45	kWh	with	the	operating	temperature	of	60 °C.
(6) Based	on	the	experimental	and	simulated	results,	the	technical	and	thermodynamic	feasibility	of	the	a-Si	PV/T	system	for	medium	temperature	application	is	demonstrated.
Fig.	30	Monthly	heat	gain	and	electrical	power	in	non-heating	season	at	different	operating	temperatures.
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Footnotes
1For	interpretation	of	color	in	Fig.	4,	the	reader	is	referred	to	the	web	version	of	this	article.
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